Abstract: Carbon management has gradually gained attention within the overall environmental management and corporate social responsibility agendas. The clean development mechanism, from Kyoto Protocol, was envisioned as connecting carbon market and sustainable development objectives in developing countries. Previous research has shown that this potential is rarely being achieved. The paper explores how the incorporation of the human side into carbon management reinforces its contribution to generate human development in local communities and to improve the company's image. A case study of a Brazilian company is presented, with the results of the application of an analytical model that incorporates the human side and human development. The selected project is an 'efficient stoves' programme. 'Efficient stoves' are recognised in Brazil as social technologies. Results suggest that the fact that social technologies value the human side of the technology plays a key role when it comes to analysing the co-benefits of the project implementation.
Carbon markets and human development
Although carbon offset markets (compensatory and voluntary) are growing rapidly, many critics have questioned their contributions to development, particularly in terms of providing human development for local communities.
The Carbon Management and Offsetting Trends Survey Results 2009 (Ashford et al., 2009) found that the key factor for buyers in choosing the right carbon credit is the ability of projects to generate local community benefits (55% of respondents rated this factor as highly important). However, this apparent tendency towards development benefits through carbon markets does not reflect the whole picture. In fact, in the early CDM literature, many scholars demonstrated worries about the prospect of a so-called 'race to the bottom', in other words the fact that, market-based character of CDM would induce host countries to set low standards for sustainable development in order to attract projects (Cosbey et al., 2005; Schneider, 2007; Sutter, 2003) . These worries have been somehow confirmed. Sirohi (2007) carried out one of the few studies that directly analysed the relationship between the CDM and poverty alleviation. From a review of 65 CDM projects, she stated that India's CDM projects have not contributed to sustainable development nor poverty reduction. Sutter and Parreño (2007) show that less than 1% of the projects registered at UNFCCC as of August 2005, contributed significantly to sustainable development. Boyd et al. (2009) studied a cross-section often CDM projects including landfill, fuel switch, sponge iron and renewable energy and found that significant emission reductions were gained by CDM projects. However, all projects fell short in involving local communities and in delivering direct local benefits except for one case in Peru, which illustrated direct benefits in terms of health and employment. These findings correlate with other studies that show a limited uptake of development activities by communities due to project design and procedural issues (Alexeew et al., 2010; Boyd, 2009; Brown and Corbera, 2003) . Research done by Rindefjall et al. (2011) in Chile concludes that the 'race' is not simply a structural feature of CDM, but a deliberate strategy.
More recently, there is a new insight on the potential role of some specific ST projects to act promoting carbon mitigation while generating human development in the local communities where the projects are implemented (Ventura et al., 2011b) . The added value of ST versus so-called 'conventional technologies' (those with the main -if not unique -objective of maximising the production and the accumulation of capital) is the fact that in ST there is a need to include a new technology focus: the participation of the local community (Novaes and Dias, 2009) . In ST, the users are encouraged to add their knowledge, values and perceptions to the development or implementation of the technology itself. This different perspective adds a non-technical or human side to the ST contributing towards to the promotion of social benefits.
ST: the human side of technology
The term ST derives from the concept of appropriate technology (AT) which was spread in the 1970s in the intermediate technology debates by the Intermediate Technology Development Group (ITDG) supported by the economist E.F. Schumacher. This ideological movement (and its manifestations) emphasises technology as people-centred, focusing on the use of sustainable technologies as a poverty solution and a way to promote development in developing countries. Mcrobie (1982) defined AT as technologies that meet human needs, minimising the damage to the environment and conserving local resources. The concept of AT was based on the dissemination of technologies in developing countries that do not imply large capital or advanced technology while allowing industrial and agricultural development.
The main characteristics of AT were: environment-friendly; low cost; benefit the community; and labour intensive. According to Dagnino (1976, p.86) , AT can be identified by "a set of production techniques which uses the features available in some society in an optimum way thus maximising their well-being". In most cases, the technologies employed as AT were brought in from developed countries with the associated problem that development models of advanced countries could not work in countries with lower levels of economic development. Thus, a weakness in the technology transfer of AT was inbuilt. This weakness was tolerated because for a long time technology was considered to be a factor which was culturally 'neutral', without considering the changes required to introduce such technology in a given society. It is vital that the transfer processes to future users pay particular attention to the technological assimilation of communities and to the incorporation of such technology to their cultural and social habits. Technology transfer must be a comprehensive process that includes social, economic, technical and political features, with the full collaboration of future beneficiaries (Narváez, 1996) .
As Dagnino et al. (2004) explain, the concept of ST is precisely an evolution from the criticism and additions made to the AT concept, avoiding the influences and perceptions of groups of researchers from the first world. Although the participation of scientists from developing countries was scant in the construction of AT, it has been possible to incorporate cultural, social and political aspects into the discussion of a future technological model to be adopted in developing countries. It has also been possible to criticise the sociopolitical and economic contexts that until then had formed the framework for debates on science, technology and society (CTS), incorporating new visions.
However, AT defenders did not realise that "... the development of alternative technologies was only a necessary condition -and not enough -for its adoption by the social groups who wished to benefit" [Dagnino et al., (2004), p.28 ]. An essential human factor for the success of this type of technology -the participation of the local actors -was missing, what difficult the technology transfer and its incorporation by the communities. As Novaes and Dias (2009) explain, the AT developers were not able to design a process that could allow the generation and diffusion of alternative knowledge, through the participation of local actors.
In the 1980s, under the strong influence of the neoliberal system and the consequent increase in existing social and environmental problems, concern grew about technological bases which could promote more sustainable development through the knowledge of the social actors involved in the problem. Thus, the concept of ST arose. It is understood in general terms as products, techniques or methods which can be reapplied, developed and or applied in interaction with a community, which represent social transformation solutions through the sustainable use of local resources (RTS, 2011) . This concept assumes an innovative proposal, considering the human factor of collective participation in the organisation, development and implementation process.
According to Dagnino et al. (2004) , the active participation of the actors is an essential ST element, without whom the ST would not occur. Thomas (2009) defined ST as a way to design, develop, implement and manage technology oriented to solve social and environmental problems, generating social and economic dynamics of social inclusion and sustainable development. For Lassance and Pedreira (2004) , ST are technologies, materials and methodological procedures which are declared and validated with a proven social impact, developed from needs so as to resolve them. A ST must always consider the local social reality and be generally linked to forms of collective organisation. They result from popular wisdom or from scientific knowledge or from the interaction between both. The Instituto de Tecnologia Social (Social Technology Institute) considers ST as a set of techniques and methods, developed and or applied in interaction with the population and appropriate for it, that represents solutions for social inclusion and improved living conditions. They try to respond through technology to the existing social problems. That is, instead of using conventional technologies, they try to be a bridge between social demands and solutions through the application of local knowledge (ITS, 2007) .
As previously stated, the main object of ST is to solve social or environmental problems. Therefore, the ST can be considered a tool to promote environmental improvements in communities and regions, making use of the human side of a technology as one of the main tools to achieve it.
It is widely acknowledged by the specialised literature that the incorporation of environmental aspects in organisational processes requires the management of human factors (Jabbour et al., 2009) . In this field of knowledge, these factors are "the non-technical variables that influence the incorporation of environmental aspects performance in organizations" [Jabbour et al., (2009), p.40] . The authors classify them into traditional (concerning disseminated human resource practices, such as analysis and job description, recruitment and selection, training, performance appraisal and rewards) and competitive (geared to achieving corporate strategy: team' articulation, managing organisational culture and organisational learning practices). At least in theory, attention to human factors appears to belong to the evolution stage of the organisations environmental actions. As presented by Jabbour et al. (2009) , these actions can be:
The human factor in EM organisations, regardless of the maturity stage of each organisation, is different from the factors valorised in the ST adoption. However, considering the main characteristics and principles of a ST project, for this paper a correlation between some of the human factors that impact in the EM, as presented by Jabbour et al. (2009) , has been developed, and the ones that should be taken into account in a ST project, as can be seen below:
• Training: a ST is born from popular wisdom or from scientific knowledge or from the interaction between both. In all these cases, the local capability development is essential for ST results. The local actors must be prepared to take on the technology, to use it and to spread it. Participatory training, where the local community could express and use their knowledge, is one of the main techniques used.
• Performance appraisal: an ST can just be considered as one if it achieves a social or environmental transformation. Therefore, performance appraisal is indispensable to consider it a technology or not as a ST.
• Team articulation: ST success is directly linked to team articulation. Just with the local actors' true participation, or in the technology development or in its implementation, will it be possible to achieve the social or environmental transformation.
• Organisational learning practices: one of the main goals of ST is its spread, called 'reaplicacao' (reapplication) in Portuguese. Fortius, organisational learning practices are essential, through knowledge transference between individuals and communities. The organisation responsible for specific ST reapplication must to organise meetings and other tools to encourage experience and knowledge exchanges between local present and future ST users.
The relationship between ST and climate change: an overview in the State ofBahia, Brazil
Until this moment, the solutions that have been promoted by the climate environmental governance at international and even national levels has been strongly guided by market solutions, through projects carried out by private companies. Little attention has been given to projects developed by non-profit organisations that have been designing solutions to a given problem or social environment and that is also contributing to climate change mitigation. However, surveys conducted in recent years suggest that ST developed in Brazil, and more specifically in the State of Bahia, have a dual potential. Thus, while contributing to, in a participatory way, solve a local problem; bring benefits to the environmental issue, through actions that allow the GHG emission reductions (Santos, 2011; Trujillo, 2011; Ventura etal., 2011b) .
In order to clarify the potential of ST on the reduction of GHG, a document analysis of the identified ST in the State of Bahia was performed (Ventura et al., 2011a) . Thirty-one ST were analysed based on the mapping done by NACIT (2010) . The review aimed to identify whether the ST incorporated in its projects: 1 use of renewable raw materials 2 replacement of the energy matrix 3 more rational and efficient use of water and energy 4 less-intensive GHG technologies 5 deforestation reduction 6 more efficient farming practices 7 use of degraded lands 8 waste reduction, reuse and recycling.
Results showed that 12 of the 31 ST analysed have elements to contribute to climate change mitigation. In addition, five out of the 12 identified ST with mitigation potential where found to generate relevant benefits to the living conditions of the local communities where the technologies were being developed, among them the 'efficient stoves'. A description of each of the five ST is given below, with more emphasis on 'efficient stoves', the object of this study. Table 1 summarises the main characteristics of the selected ST in regards to its potential to climate change mitigation and to benefit the local communities:
1 Biodigestor. This is a technology designed to be used collectively in productive activities related to settlements and other communitarian areas. It uses organic waste matter produced by animals (especially goats and sheep) for the production of biogas, used as an energy source in homes, replacing cooking gas or firewood. The wastes are also used as bio fertilisers to replace chemicals as nutrients. The TS was originally developed by Winrock Institute in partnership with Universidade do Estado da Bahia (UNEB), and enjoyed the support of the Conselho Nacional de Desenvolvimento Científico -CNPq (National Council of Scientific Development) and United States Agency for international development (USAID).
2 Produgao Agroecológica Irrigada -PAIS (irrigated agro ecological production). The technology can be used in place of agribusiness practices. It is an experience of supporting family farms, with the use of sustainable fanning techniques, without the use of toxic products in order to preserve the environment. The main techniques used by the PAIS system are:
• drip irrigation system, using gravity
• integration of poultry fanning, small animals, goats or cattle, according to local or regional vocations
• the waste produced by that animals are the raw material for production of compost natural fertiliser • diversification of production for maximum recovery of soil nutrients and aid in the control of pests and diseases
• agroecological backyards to add to the family income through the production of fruits and vegetables and at the same time of pasture for small animals.
The PAIS has been pervasive in 12 Brazilian states.
3 Bomba D 'Agua Popular -BAP (popular water pump). This technology has emerged as a solution to give operation to wells drilled in the 1980s in areas of underground crystalline, but low water. The pump, built in lateral position to the pit, guarantee water throughout the year, even in times of increased scarcity of rainfall. The water is used for the household communities, is acceptable quantity and quality for irrigation and agricultural properties, and cattle rearing. It can work 24 hours per day at no cost, because it is driven by human action. Its maintenance is extremely simple, done by local producers themselves, which are duly empowered by the project. BAP has been incorporated into the technologies of semiarid coexistence. Another partner, Aghenda NGO, donated three 'efficient stoves' to the community. The association of artisans use the stoves in the straw dyeing process used to manufacture handmade objects, replacing traditional rudimentary stoves that use large amount of fire wood from native species of trees. Domestic smoke caused by burning firewood represents a threat to the quality of life in the countryside and causes various respiratory diseases. According to the World Health Organization, an estimated 1.6 million people die every year due to diseases caused by burning firewood. The positive environmental contribution from the stoves was originally overshadowed by structural problems (the metal plates started to break into pieces). The supplier, from Minas Gerais, another Brazilian state, suggested that it was because of the difference in combustion temperature of the native wood from the semi-arid region. Eventually, technical problems were solved confirming that ST must necessarily be adapted to the local circumstances. The project needs to be scaled up to really impact the local economy.
Technical experts are needed for the design and development of the technology which have to be adapted to the local context and cannot directly be imported from other locations.
Source: Adaptation of Ventura et al. (2011a)
Agendha is preparing itself to introduce new designed stoves in the community, following the successful TS carried out by IDER -Instituto de Desenvolvimento Sustentável e Energías Renováveis (Institute of Sustainable Development and Renewable Energies) in Ceara. Following this successful story, other stoves projects are being widespread around Brazil and some of them start to take into consideration the possibility of selling carbon credits to guarantee their sustainability; as example the one developed by Instituto Perene in Bahia, object of this case study.
Methodology
The approach described hereafter discusses the potential benefits (both to promote human development and to improve the public image of a company) of these EM initiatives that aim to offset carbon emissions through mitigation carbon projects in vulnerable communities. This analysis claims in no way to provide an absolute evaluation of each project contribution to human development as such. Rather, it focuses on the human side of the project design and implementation to evaluate how these 'non-technical' factors are affecting the final results.
The research uses a case study analysis of a Brazilian company, Natura, offsetting its emissions through the Brazilian voluntary carbon market. The efficient cook stoves project was primarily selected because the technology used is a ST. ST are supposed to take into consideration human factors more than conventional ones. Furthermore, in 2011 the selected project received the 'Special Achievement Award' of the Environmental Protection Agency (EPA), from USA, due to the 'excellent performance in monitoring and community engagement. The analysis method for the case study is based on the sustainable and empowerment framework (S&E). This framework was introduced by Fernández et al. (2011) to evaluate the contribution of CDM projects to human development in host countries. The S&E proposes four dimensions for the evaluation of the human development impact: economic, social, environmental and empowerment. For this paper, just the empowerment dimension is used because it is the dimension which is more directly related to the human side of the projects. Table 2 presents the proposed indicators defined by the S&E for the empowerment dimension.
To complement the project evaluation through the S&E criteria and indicators, the four dimensions of organisations EM human factor that are correlated to ST are also qualitatively assessed: training, performance appraisal, articulation of teams, and organisational learning practices.
'Efficient stoves' case study as win-win strategy

Introducing the case study: Natura carbon neutral programme
Natura is a Brazilian company which produces personal hygiene products, perfumery and cosmetics. The focus of the current case study is a Natura's programme called 'Natura Carbono Neutro' (carbon neutral Natura). The programme, which has been functioning since 2007, aims to "quantify, reduce and compensate greenhouse gases emission in the production chain, from natural resource and material extraction, through internal processes and product transportation, to its disposal" [Natura, (2011) 
The carbon neutral programme is divided into three steps (Natura, 2012):
1 Inventory (measurement and emission register): carried out in all the production chain. Emission measurement has been done from before the beginning of the carbon neutral programme, according to the Greenhouse Gas Protocol Initiative (GHG Protocol) and to the ABNT NBR ISO 14064-1 1 guidelines.
2 Reduction (actions and processes to reduce emissions): the commitment is to reduce absolute emissions by 10% by 2012, and to reduce emissions by in 33% per kilo of the product billed by 2013.
3 Offset (support for projects to offset the emissions that are unavoidable): the carbon neutral programme stipulates that everything that cannot be reduced, will be offset by the acquisition of carbon credit, through projects chosen in a biennial open announcement, now in its third edition.
The offset step is the focus of this research. The programme stipulates that the offsetting projects must have 'evident socio and environmental benefits' [Natura, (2011), p.2] , that are 'locally relevant' [Natura, (2012), p.29] and will be select through public announcement. The projects must have a baseline and monitoring already approved in four different projects categories:
• Energy: projects related to eco-efficiency.
• Forests: projects involving forestation, reforestation and agroforestry systems.
• REDD + (Deforestation and forest degradation reduction): projects fort environmental conservation and preservation in areas under pressure from deforestation or degradation.
• Other: projects that present practices, technologies and differentiated solutions in the fight against global wanning and that do not fit into the other categories (Natura, 2011).
The human factors in the 'efficient stoves' project
As mentioned above, the 'efficient stoves' is one of Natura's compensation projects, selected the 2008 and in the 2009/2010 editions, to promote the replacement of, 1,000 and 5,000 rudimentary stoves, respectively, in the Recóncavo region of Bahia. The baseline and monitoring are done through the Gold Standard (2012) method, "an award winning certification standard for carbon mitigation projects and is recognised internationally as the benchmark for quality and rigor in both the compliance and voluntary carbon markets". The certification aims to ensure that the projects demonstrate real and permanent GHG reductions and promote sustainable development benefits in local communities. The benefits must be measured, reported and verified. The "Gold Standard Local Stakeholder Consultation Report: Efficient Stoves in the Bahia Recóncavo" assures that the type of project activity is an 'end-use energy efficiency improvement', which will reduce the amount of energy required for domestic cooking in rural households, being classified as "Improved distributed heating and cooking devices (e.g., stoves), and distributed micro-scale electricity generation units", in a micro scale level (Gold Standard, 2009) .
The summary of the S&E application, considering the indicators directly related to the human resources management factors in particular, is presented in the Table 3 .
As seen in Table 3 , as well as other more the typical ST human factors that were observed in the 'Efficient Stoves' offsetting project (collective participation in ST construction and implementation, and consideration of the local reality, though the community knowledge of the social and environmental problem to be solved), it was possible to notice that some of the human factors usually associated to the EM programmes, presented in the theory section, are also present.
• Training: the women from the community were trained by other women, also from the local area, to use the technology. A special group of women were firstly selected to receive training to help the group to comprehend the specifics of the technology. Besides this, all the community groups were invited to take part in meetings where the technology was explained, and the social and environmental benefits were shown.
• Performance appraisal: according to the interviewed people, the technology really achieved excellent performance, representing a real solution for the health problems caused by the smoke. According to Instituto Perene, the ST management, Gold Standard monitoring system was able to confirm the GHG reduction promoted by the use of the technology.
• Team articulation: the local actors articulated themselves to organise the explanatory and training meetings. They also organised themselves to spread the introduction of the technology among local communities.
• Organisational learning practices: the second edition ST. Some important learning was incorporated into the technology in the new stoves that were constructed. One example was the introduction of a different kind of chimney, because, as the women responsible for the monitoring found, the ones that were installed close to the sea started to rust. The material for the new chimneys was discussed with the local users, in meetings that were held among people from different communities, to exchange experiences and knowledge about the ST. Before the project development, the rural families in Recóncavo region still mostly used rudimentary stoves that use a large amount of native firewood and produce smoke inside homes causing health problems. During the project development, the community were able to collaborate with the design of the technology. Even after the elaboration of five prototypes, and the technology dissemination (construction in various municipalities), the local users could give their opinion about new improvements to be done. The accumulated knowledge from the women at the localities permitted that the constructed stoves were appropriated by the community. The ecological or eco-efficient stoves are being used in many African countries as a way to mitigate GHG gases.
The project was designed with the collaboration of Approveche Institute, a technology centre specialised in technologies for the least favoured people in the USA. The American researchers went to Bahia to develop the stove technology in partnership with the local community. Five prototypes were made, in collaborative construction in a three day workshop, until the best one was designed, in the community's opinion. This way, the transfer of technology could occur in full. After the research centre visit, the local masons were prepared to construct the stoves in the way that it was considered acceptable by the local users. The technology was socially constructed with a sum of knowledge.
The project involved the introduction of a new technology that was designed with the participation of local actors. They could give opinions about the size, the height and the format. Because of this human factor, the technology was really adopted in the communities. According to the respondents, there were more people interested in receiving the stove than the resource capacity to build them.
The final users signed a contract giving the carbon credit rights to Instituto Perene. Their pride in participating in a climate change mitigation and environmental solution was noticeable.
Table 3
Human factors and human development indicators in the 'efficient stoves' project (continued)
Human development indicator Human factor infield observations and interviews results
Stakeholder perception of the project activity to improve living conditions of community/ acceptance of the project
Increased awareness of environmental issues
Professional training of local workers
Migration reduction
Improvements to health, safety and welfare of local people through a reduction in exposure to factors impacting health and safety Improvements of vulnerable groups (women, youths, children and people with disabilities) in society: in access to education and training; through positive discrimination policies for the employment and/or increasing spare time
The stakeholders consulted firmly believe that their lives improved considerably with the installation of the stoves. They mentioned improvements in health quality (reduction in respiratory problems, inexistence of eye irritation) and in the reduced efforts to obtain firewood (reduction of up to 60% in fire wood use). They also recognise the role of Natura in helping them to acquire the technology, viewing the company as one of the elements responsible for improvement in their living conditions.
The local stakeholders mentioned that, after the project, they are helping the environment because they are using much less firewood, reducing deforestation. They also mentioned GHG reduction, and its consequent positive impacts on climate change.
All the construction of the stoves was done by local builders, specially trained for the activity. In addition, some local women were trained to explain the project to the community, to train the community to use the technology and to follow the stove installation, and to collect the final users' opinion. The interviewed workers stated that they were proud and satisfied to be part of the project, and to be acquiring new abilities.
As all the materials purchasing was done from local suppliers, the economy in the region was stimulated. Two of the respondents stated that if there had not been the project, they would have had to migrate to other parts of the country.
This was one of the main improvements promoted by the project. With the new stoves, the women confirmed the totally exclusion of smoke in the kitchen, and, as consequence, the elimination of respiratory diseases and eyes irritation. In addition, they emphasised the fact that they do not smell of smoke anymore, resulting in a marked increase in self-esteem. Some women also mentioned their pride with their kitchen now, much cleaner and more beautiful, cleaner appearance of their cooking utensils.
Women are mostly responsible for cooking in most of the world, and this is no different in the Recóncavo region. They are also responsible for wood collection. Consequently there was a double improvement in their lives: health, safer cooking, and work, increasing time for other activities.
Conclusions
Carbon management has gradually gained attention within the overall EM and the CRS agendas of corporations. This article provides some evidence about the role of the human side and/or the human factors in the implementation of offsetting programmes in relation to their contribution to human development. The research was firstly motivated by findings that suggest that the CDM projects are not contributing enough to generate social co-benefits, and the fact that voluntary carbon markets seem to be a possibility for this generation, as companies are increasingly valuing projects that bring additional social contributions.
The 'efficient stoves' case study shows that the human factor in the collective participation in ST mitigation project implementation has led to a better image of the company along with human development co-benefits.
Evidence suggests that NGO involvement in the implementation plays a key role in increasing positive results although further study is necessary. It seems that the involvement of external, non-profit organisations, could focus results on social benefits. The correlation between the NGO selection as partnership and the maturity stage of the company in EM's results should be investigated.
The Natura case study also suggests that that the fact that Voluntary Carbon markets are flexible can effectively contribute to human development if an AT is selected.
The main finding from the case study is the confirmation that through the use of ST, offsetting projects contribute more significantly to obtain co-benefits. This is because of the emphasis on human factors, such as local community participation, team articulation and performance appraisal. Future research should contemplate the extension of this study to more case studies to provide and systematise useful knowledge for other private companies that want to develop projects to become carbon neutral while contributing to social benefits and improving their image for society.
